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We present an extension of general relativity in which an f(R) term a` la Palatini is added
to the usual metric Einstein-Hilbert Lagrangian. Expressing the theory in a dynamically
equivalent scalar-tensor form, we show that it can pass the Solar System observational
tests even if the scalar field is very light or massless. Applications to cosmology and
astrophysics, and some exact solutions are discussed.
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1. Introduction
A number of alternative theories of gravity have been proposed in the last decade
in relation with the cosmic speedup problem. Among them, f(R) theories have at-
tracted special attention. These theories have been mainly studied in the metric1 and
in the Palatini2 formalisms. To be in agreement with local tests of gravity, the former
case generically requires that the non-linear curvature terms represent a short-range,
massive scalar degree of freedom. The latter introduces non-perturbative effects that
severely constrain the kind of non-linear terms, ruling out infrared corrections. Here
we present a hybrid combination3 of both approaches which exhibits interesting new
features that allow to avoid the typical shortcomings of the pure metric and Palatini
f(R) theories. Recent applications are briefly summarized.
2. Field equations and weak-field limit.
The hybrid metric-Palatini action
S =
1
2κ2
∫
d4x
√−g [R+ f(R)] + Sm , (1)
where Sm is the matter action, κ
2 ≡ 8piG, R is the Einstein-Hilbert term, R ≡
gµνRµν is the Palatini curvature, and Rµν is defined in terms of an independent
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connection Γˆαµν as Rµν ≡ Γˆαµν,α − Γˆαµα,ν + ΓˆααλΓˆλµν − ΓˆαµλΓˆλαν , admits the following
scalar-tensor representation
S =
∫
d4x
√−g
2κ2
[
(1 + φ)R +
3
2φ
∂µφ∂
µφ− V (φ)
]
+ Sm. (2)
In the weak-field limit and far from the sources, the scalar field behaves as φ(r) ≈
φ0+
2G
3
φ0M
r
e−mϕr, whereas the metric perturbations hµν ≈ gµν−ηµν take the form
h
(2)
00 (r) =
2GeffM
r
+
V0
1 + φ0
r2
6
, h
(2)
ij (r) =
(
2γGeffM
r
− V0
1 + φ0
r2
6
)
δij , (3)
where M =
∫
d3xρ(x),
Geff ≡ G
1 + φ0
[
1− (φ0/3) e−mϕr
]
, and γ ≡ 1 + (φ0/3) e
−mϕr
1− (φ0/3) e−mϕr
. (4)
As is clear from these expressions, the coupling of the scalar field to the local system
depends on the amplitude of the background value φ0. If φ0 is small, then Geff ≈ G
and γ ≈ 1 regardless of the value of the effective mass m2ϕ. This contrasts with the
result obtained in the metric version of f(R) theories4 and allows to pass the solar
system tests even if the scalar field is very light as long as φ0 is sufficiently small.
3. Applications
A light scalar field has a long interaction range. This implies that our theory can
modify the long-range gravitational interaction without having any relevant impact
on the dynamics of local systems. Thus, the hybrid metric-Palatini theory opens
up new possibilities to approach the problems of both dark energy and dark mat-
ter. The cosmological applications of this theory have been investigated recently5
by the authors. Criteria to obtain cosmic acceleration were analyzed, and the field
equations were formulated as a dynamical system. Several classes of cosmological
solutions describing both accelerating and decelerating universes were explicitly
obtained. Furthermore, the cosmological perturbation equations were derived and
applied to uncover the signatures of these models in the large-scale structure.
More recently, we have analysed the generalized virial theorem.6 Taking into account
the relativistic collisionless Boltzmann equation, we showed that the new geometric
terms in the field equations provide an effective contribution to the gravitational
potential energy. Indeed, it was shown that the total virial mass is proportional to
the effective mass associated with the new terms generated by the effective scalar
field, and the baryonic mass. This shows that the mass discrepancy in clusters of
galaxies might be due to the effects of modified dynamics. We found that the mass
associated to the scalar field and its effects extend beyond the virial radius of the
clusters of galaxies. In the context of the galaxy cluster velocity dispersion profiles
predicted by the our model, the generalized virial theorem can be an efficient tool
in observationally testing the viability of this class of generalized gravity models.
Thus, hybrid metric-Palatini gravity provides an effective alternative to the dark
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matter paradigm of present day cosmology and astrophysics.
From a purely theoretical perspective, the general conditions for wormhole solutions
according to the null energy condition at the throat in the hybrid f(R) theory have
also been considered.7 Several wormhole type solutions were also obtained and an-
alyzed. In the first solution, the redshift function and the scalar field were specified,
and the potential was chosen so that the modified Klein-Gordon equation can be
simplified. In the second example, by adequately specifying the metric functions
and choosing the scalar field, we found an asymptotically flat spacetime.
4. Conclusions and perspectives
In a series of works we have shown that a combination of metric and Palatini curva-
ture terms yield a purely geometric theory of gravity in which a light scalar degree
of freedom is able to modify the large scale structure without damaging the well-
tested dynamics of local systems. The extra terms appearing in the gravitational
field equations can describe the early accelerated dynamics of the Universe and ex-
plain the matter deficit in galactic clusters. All the relevant astrophysical quantities,
including the “dark mass” associated to the equivalent scalar-tensor description, can
be expressed in terms of the physical parameters of the model – the scalar field,
its potential, as well as the coupling parameters. Therefore, these results open the
possibility of directly testing the hybrid modified f(R) type gravitational models
by using direct astronomical and astrophysical observations. Future work will focus
on the dynamics of massive test particles at galactic and extra-galactic scales, and
in the formal mathematical aspects of this theory.
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